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Play Analysis of Undiscovered Oil and Gas Resources
on Onshore Federal Lands, 

Phase I: Atlantic Coastal Plain

by Jan Libby-French 

ABSTRACT

Three oil and gas plays within the Atlantic Coastal Plain province have 
been studied to be included in an assessment of undiscovered oil and gas 
resources on Federal lands: Triassic(?) clastic rocks, Upper Jurassic(?)- 
Cenozoic clastic rocks, and Lower Cretaceous-Cenozoic carbonate rocks. Within

99
these three plays Federal lands encompass approximately 1,700 mi (4,480 km ), 
5,000 mi 2 (12,950 km2 ), and 3,600 mi 2 (9,325 km2 ), respectively. The 
Triassic(?) play consists of a series of buried rift basins beneath the 
coastal plain. This play has a high exploration risk owing to its sparse well 
and geophysical data. No source rocks have been documented and only one 
hydrocarbon show has been reported. Good source rocks are also lacking in the 
Upper Jurassic(?)-Cenozoic clastic and Lower Cretaceous-Cenozoic carbonate 
plays, although potential reservoir rocks, traps, and seals may be present. 
The lack of good source rocks together with the relatively small Federal 
acreage indicate a low oil and gas potential for the Federal land within these 
plays.

INTRODUCTION

The United States Geological Survey (USGS) play analysis program was 
established to evaluate the amount of undiscovered oil and gas of Federal 
lands in the United States. A play, as used in this assessment, is a group of 
confirmed or hypothetical hydrocarbon accumulations that have similar geologic 
characteristics such as source rocks, reservoir rocks, traps, and geologic 
history. The amount of Federal acreage in each play was determined, and the 
resource potential of this acreage was then estimated. If any of these plays 
is considered significant, it will be included in a more detailed study in 
Phase II of the program.

Previous Work

The USGS has made appraisals of undiscovered oil and gas resources 
previous to this play analysis program (Miller and others, 1975; Dolton and 
others, 1981). These studies include estimates of all undiscovered, 
conventional oil and gas resources in the United States using a direct 
subjective assessment method. The play analysis method has recently been used 
for specific areas of the United States (Mast and others, 1980; Bird, 1984). 
A number of studies review the methodology of play analysis (Baker and others, 
1984; White and Gehman, 1979; White, 1981; Lee and Wang, 1983a, 1983b), and 
the reader is referred to these studies for a complete discussion of play 
analysis.

A number of studies have assessed the petroleum potential of the Atlantic 
Coastal Plain, and I have relied heavily on some of them: Johnston and 
others, 1959; Maher, 1971; Rouse, 1971; Spivak and Shelbourne, 1971; Stafford, 
1974; Olson and Glowacz, 1977; and Zieglar, 1983.



Present Study

This report is a summary of the petroleum geology of the Atlantic Coastal 
Plain that was studied for Phase I, The geology of the province is described, 
the amount and location of Federal lands is reviewed, and three plays are 
analyzed. Each play is defined by potential source rocks, reservoir rocks, 
traps, seals, and reservoirs.

LOCATION AND REGIONAL GEOLOGY

The Atlantic Coastal Plain, as used in this study in other USGS resource 
assessments (Varnes and others, 1981), includes an area of approximately 
383,400 mi 2 (993,000 km2 ), from Georgia to Long Island, New York (fig. 1). 
Approximately 1 percent of this area, 5,000 mi (12,950 km ), consists of land 
that the Federal government owns as surface and (or) mineral rights (plates 1 
through 3). Most of the Federal acreage is relatively small scattered parcels 
(less than 100 mi (260 km2 ) but some areas encompass up to 800 mi (2,070 
km ). National wildlife refuges, military installations, seashores, parks, 
monuments, and forests comprise the Federal lands in this province.

The coastal plain is an area of seaward-thickening and dipping 
sedimentary rocks between the Atlantic Ocean and Piedmont province of the 
Appalachian Mountains. The sedimentary rocks overlie igneous and metamorphic 
basement rocks of Paleozoic and Precambrian age. Post-Paleozoic warping of 
the basement rocks resulted in a series of embayments and arches along the 
coast (fig. 1).

Triassic(?) through Cenozoic clastic and carbonate rocks comprise the 
sedimentary sequence above the basement. The sequence ranges in thickness 
from 0 feet at the western edge of the coastal plain to a little more than 
10,000 ft (3,048 m) at Cape Hatteras, North Carolina.

Triassic(?) red beds and intrusive igneous rocks are confined to a series 
of buried rift basins. The extent of these basins is incompletely known. 
Some have been delineated from geophysical studies, and some are only 
approximately located on the basis of well data. Upper Jurassic(?)-Cenozoic 
clastic rocks are present throughout the entire region, and Cretaceous- 
Cenozoic carbonate rocks are restricted to the southern portion of the coastal 
plain. Plate 4 is a cross section showing the distribution of sedimentary 
rocks and showing the basement configuration along the Atlantic Coastal Plain.

OIL AND GAS PLAYS

Each of the three sedimentary sequences (Triassic(?) clastic rocks, Upper 
Jurassic(?)-Cenozoic clastic rocks, and Cretaceous-Cenozoic carbonate rocks) 
have distinct characteristics that allow them to be separated into three 
distinct plays. The geographic distribution of the plays are shown in plates 
1 through 3.



Figure 1 Map showing major structural features of the Atlantic Coastal 
Plain (from Owens, 1970; Maher, 1971; and Perry and others, 
1975).



Triassic(?) Clastic Play

The Triassic(?) play consists of a series of buried rift basins buried 
beneath the younger rocks and sediments of the coastal plain. The age of the 
play is uncertain owing to the paucity of fossils, but lithologic similarities 
with the exposed Triassic basins in the Piedmont province suggest a Triassic 
age for the coastal plain basins. The Triassic(?) play is speculative because 
it has only been lightly explored (40 wildcat and stratigraphic test wells). 
Only three of these wells were drilled on Federal land. The play covers 
approximately 33,800 mi2 (87,540 km2 ), 1,700 mi2 (4,480 km2 ) of which consist 
of Federal land.

The South Georgia rift (Popenoe, 1977; Popenoe and Zietz, 1977; Gohn and 
others, 1978; Chowns, 1979; Daniels and others, 1983) is the largest of the 
buried Triassic(?) basins. Regional aeromagnetic gravity, seismic-refraction, 
and well data were used to define this basin. The South Georgia rift trends 
in a northeasterly direction from the western Florida panhandle and southern 
Alabama, through central Georgia, to southern South Carolina (fig. 2). 
Several individual basins may comprise the south Georgia rift. Two of these 
are the Riddleville and Dunbarton basins (Marine and Siple, 1974; Daniels and 
Zietz, 1978; Petersen and others, 1984). Other individual basins have not as 
yet been identified.

Other large Triassic(?) basins, together with scattered occurrences of 
Triassic(?), rocks comprise the remainder of the Triassic(?) play. The 
Florence basin in South Carolina (Siple, 1958; Bonini and Woollard, 1960; 
Daniels and others, 1983) and the Taylorsville basin in Virginia and Maryland 
(Weems, 1980) may be as large as 550 mi2 (1,425 km2 ) and 300 mi2 (777 km2 ), 
respectively. Scattered wildcat and stratigraphic-test wells have penetrated 
Triassic(?) rocks along the remainder of the coastal plain (Brown and others, 
1972; Richards, 1954), but distinct basins have not been identified. These 
wells are spotted on plates 1-3, and small play boundaries with queries are 
drawn around the well to indicate a possible Triassic(?) play. Some of the 
Triassic(?) rocks in Maryland that were identified by Brown and others (1972) 
are now considered to be Late Jurassic(?) or Early Cretaceous in age (Robbins 
and others, 1975) and are not included on the play maps. Because so little is 
known about the Triassic(?) sequence under the coastal plain, evaluating its 
petroleum potential requires using analogs from the better known Triassic rift 
system exposed in the adjacent Piedmont province (fig. 3).

Lacustrine black shales are the most likely petroleum source rocks in 
rift basins. Shales from five of the exposed Piedmont basins (Newark, 
Hartford, Richmond, Danville, and Sanford basins) have a reported total 
organic carbon content of less than 2 percent to almost 35 percent (table 1) 
and various indices suggest that they have reached the oil window (Zieglar, 
1983). Although other basins have lacustrine shales, they are not 
volumetrically significant. High (1985) analyzed the lacustrine shales from 
the Newark, Connecticut, and Deep River basins and concluded that the quality 
and quantity of organic matter was insufficient to have good source rock 
potential.
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Figure 3 Map showing Triassic rift basins along the Atlantic margin (Olsen, 1980)



Table 1. Total organic content and thermal maturity of 
potential source rocks in Piedmont Triassic basins (Zieglar, 1983)

Basin

Newark 
Hartford
Richmond
Danville 
Sanford

Formation

Lockatong 
East Berlin
Vinita Beds
Cow Branch 
Cumnock

Total 
organic 
carbon

<7% 
>2%

<25%
<2% 

<35%

Thermal 
alteration 

index

3+ 
2.5

2.6-3.0
4.0 

2.6-3.0

Hydro­ 
carbon 
window

gas-condensate 
oil
oil
gas 
oil

The Taylorsville basin is the only buried coastal plain basin from which 
lacustrine black shales have been identified, and these shales are present in 
the exposed portion of the basin. Black shales were not encountered by the 
test wells. The lack of confirmed source rocks in the coastal plain basins 
leaves the petroleum potential of the basins suspect. Richards (1954), 
however, did report gas shows in a suspected Triassic section in Camden 
County, North Carolina.

Potential reservoir rocks consist of sandstones from various depositional 
environments: marginal lake environments, alluvial fans, and fluvial-deltaic 
environments (fig. 4). Sandstones from the exposed Piedmont basins have 
porosity values up to 17-25 percent (Zieglar, 1983), permeability values have 
not been reported. Sandstones in the buried Dunbarton basin, however, only 
have a porosity of 8 percent; permeability was also low, less than .02 mD, 
(Marine, 1974). Porosity and permeability data from other buried basins are 
not available.

Rift basins afford many trapping mechanisms: anticlinal structures, 
faults, unconformities, and stratigraphic pinchouts. Numerous folds are 
present in the Newark basin. If similar structures are present in the buried 
basins, then the crests of the anticlines could provide traps for 
hydrocarbons. Faults, also abundant in the Newark and Dunbarton basins, could 
be potential traps. Unconformity traps are another probable trap type. A 
Cretaceous-Triassic(?) unconformity is indicated by wells that drilled through 
the Cretaceous section directly into the Triassic(?) red beds. Although they 
have not been documented, stratigraphic pinchouts are probably present. 
Facies changes within rift-basin sequences are common (fig. 4) and can be 
expected in the coastal plain basins. Shale and mudstone are abundant in both 
the Piedmont and coastal plain Triassic(?) sequence and they are potential 
reservoir seals.

Because of the number of uncertainties concerning the Triassic(?) clastic 
play, its petroleum potential is difficult to estimate. The play has a high 
exploration risk owing to its sparse well and geophysical data. None of the 
45 wells encountered lacustrine source rocks, low porosity and permeability 
values of the sandstones have been documented, and only one hydrocarbon show 
was reported. These factors, together with the relatively small amount of 
Federal acreage, indicates a low potential for the play on Federal land.
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Upper Jurassic(?)-Cenozoic Clastic Play

This clastic play encompasses the entire Atlantic Coastal Plain province 
and includes rocks ranging in age from Upper Jurassic(?) to Cenozoic, The 
clastic sequence is 0-10,000 ft (0-3,048 m) below the surface, but most of the 
sandstones are less than 6,500 ft deep (1,980 m)« Federal lands consist of 
approximately 5,000 mi (12,950 km ) within the play. Most of the parcels are 
less than 100 mi2 (260 km2 ), but some are up to 800 mi2 (2,070 km2 ). About 
350 dry holes have been drilled in the play, and about 20 of these were 
drilled on Federal land.

Possible, but unlikely, source rocks for this play are marine shale, 
marl, and limestone that are scattered throughout the sequence. Of the 350 
wildcat wells, only about 10 have reported hydrocarbon shows. Surface oil 
seeps have been reported in Georgia and North Carolina (Maher, 1971), but 
these are rare occurrences. Marsh gas was produced for 2 years in Wicomico 
County, Maryland. This gas came from Pleistocene or Pliocene alluvium 
associated with a 100-foot-deep buried swamp (Maher, 1971), and it is not a 
significant occurrence. Brown and others' (1979) source-rock study of 13 
wells indicates that although the section contains sufficient organic matter 
for petroleum generation, the rocks are thermally immature. This agrees with 
preliminary source-rock studies of the adjacent offshore area. Smith and 
others (1981) showed that burial of this section below 11,500 ft (3,505 m) is 
required for petroleum generation. Because the onshore sequence is shallower 
than 11,500 ft (3,505 m), it is unlikely that the sequence was sufficiently 
heated. Perhaps the Triassic(?) section is a source for the clastic play, but 
Triassic(?) source rocks have not as yet been documented beneath the coastal 
plain.

Potential sandstone reservoirs are abundant in the coastal plain. In 
outcrop, these sandstones have porosity values as high as 45 percent (Maher, 
1971). Upper Cretaceous and Tertiary sandstones are major fresh-water 
aquifers in the coastal plain, suggesting high porosity and permeability 
values for these rocks.

The clastic sequence has not been affected by major tectonic movements 
and so structures are limited to local faults and gentle folds. These 
structural features may be potential traps, but detailed studies are needed to 
delineate them. Stratigraphic traps are more likely to occur. Pinchouts, 
lateral lithologic variations, and unconformities are common in the clastic 
sequence, and each of these is a potential trap. The sandstone beds were 
deposited in a variety of depositional environments, from nearshore to 
deltaic, alluvial, and other nonmarine environments (figs. 5, 6). 
Stratigraphic pinchouts and lateral lithologic variations between the 
different facies provides possible traps. Unconformities are common 
throughout the Upper Jurassic(?)-Cenozoic sequence (Jordan and Smith, 1983) 
and afford trapping possibilities. As in the Triassic(?) clastic play, shales 
and clays are the most likely seals to the reservoirs.
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Figure 5 Schematic diagram of Mesozoic-Cenozoic rocks of the northern 
Atlantic Coastal Plain (Kraft and others, 1971). .
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Although potential reservoir rocks, traps, and seals are present, the 
lack of good source rocks in the region indicates a poor petroleum potential 
for the Federal acreage.

Lower Cretaceous-Cenozoic Carbonate Play

The carbonate play encompases about half of the coastal plain from 
Georgia to North Carolina (plates 1 and 2); no significant carbonate rocks are 
present north of North Carolina. Federal lands comprise approximately 3,600 
mi2 (9,325 km2 ) of the total 51,800 mi2 (13,430 km2 ) play. The carbonate 
rocks range in age from Lower Cretaceous to Cenozoic, and are interbedded with 
clastic rocks of the same age (plate 4).

Potential source rocks are the same as those for the Upper Jurassic(?)- 
Cenozoic clastic play (interbedded marine marls and shales and Triassic 
lacustrine shales) and their presence is doubtful. No hydrocarbons shows have 
been reported from these rocks.

Potential carbonate reservoirs are fossiliferous and oolitic 
grainstones. No porosity or permeability studies of these limestone are 
available, but some of the Tertiary limestones are fresh-water aquifers, 
suggesting good porosity and permeability (Maher, 1971). Age-equivalent 
limestones in the offshore area have porosity values generally below 30 
percent and permeability values below 5 millidarcies (Simonis, 1979). The 
depth of the potential reservoirs ranges between 0 and 6,500 ft (1,980 m) 
below the surface, but most of them are less than 3,500 ft (1,066 m) deep.

Potential traps and seals are similar to those in the Upper Jurassic(?)- 
Cenozoic clastic play. Clastic-carbonate lithofacies changes (fig. 7) and 
unconformities are the most likely trap types. The lack of good source rocks, 
however, indicates a low petroleum potential for this play.

SUMMARY

Although the three plays comprise a large area, the amount of Federal 
land within each of the plays is relatively small. Except for a few parcels, 
each piece of Federal land is also small. The Triassic(?) play is a high 
exploration risk owing to the number of unknown parameters, and the clastic 
and carbonate plays have a low petroleum potential owing to the lack of good 
source rocks. These factors combine to indicate an overall low potential for 
oil and gas on Federal land in the Atlantic Coastal Plain.

12
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